background: The objective of this study was to compare the gestational results obtained with vitrified/thawed oocytes by a novel vitrification method (Vitri-ingá) to results obtained with fresh oocytes.
Introduction
Oocyte cryopreservation solves the legal and ethical problems associated with the cryopreservation of embryos in patients undergoing in vitro fertilization procedures. In addition to that, it may also offer the possibility of extending the reproductive capability of young women with malignant diseases in cases where the treatment may compromise the ovarian reserve. Moreover, it may also offer alternatives for infertile patients who are subject to ovarian hyper-stimulation syndrome or premature ovarian failure or who require oocyte donation. The creation of banks for donated cryopreserved oocytes avoids the need for cycle synchronization or the formation of an over-supply of embryos destined for cryopreservation.
Nevertheless, oocytes present different characteristics from embryos that compromise their survival. Oocytes in metaphase II (MII) have a formed fuse that is sensitive to thermal changes (Chen and Yang, 2009 ). In addition to that, the low permeability coefficient of the plasmatic membrane of oocytes makes the penetration of cryoprotectant substances more difficult, although at the same time their intra-cytoplasmatic lipids make them more sensitive to freezing than embryos (Ruffing et al., 1993) . After fertilization, however, the increase of free calcium increases the plasmatic membrane permeability, improving cryoprotectant transit and decreasing ice crystal formation in embryos (Gook et al., 1993; Fabbri et al., 2000) .
Two techniques have been used for the cryopreservation of oocytes, slow freezing and vitrification. Both techniques have been employed quite successfully with human embryos. However, when the oocyte is the cell in question, the results have been conflicting with non-reproducible results (Kuleshova and Lopata, 2002; Kuwayama et al., 2005; de Santis et al., 2007; Cao et al., 2009; Check, 2008 Check, , 2009 Parmegiani et al., 2009) . Since Chen (1986) published the first pregnancy using cryopreserved oocytes using the slow freezing technique, this method has been used with varying success (Yang et al., 2002; Borini et al., 2006; Levi Setti et al., 2006) . A recent meta-analysis on slow freezing revealed that the clinical pregnancy rate per transfer with this method was just 6%, and 2.3% per oocyte thawed (Oktay et al., 2006) . Vitrification, on the other hand, avoids the formation of intra and extra-cellular ice crystals, which are responsible for damaging cell membranes and organelles. This process is determined by the use of cryoprotectants in high concentrations and ultrarapid cooling and thawing procedures (Papadopoulos et al., 2002) . Results obtained with vitrification have varied considerably with several different methods being adopted (Fuku et al., 1995; Vajta et al., 1998; Hamawaki et al., 1999; Lane et al., 1999; Mukaida et al., 2001 Mukaida et al., , 2003a Kuwayama et al., 2005; Vajta and Nagy, 2006) . However, no relevant studies comparing these methods have been performed.
In order to achieve ultrarapid cooling rates, several techniques using small volumes of vitrification solution have been developed, thus improving conventional methods such as the open pulled straw (OPS) (Vajta et al., 1997) . A recent proposal for vitrification using minimum volume involves a device named Cryotop (Kitazato Supply Co., Fujinomiya, Japan), which consists of a hard plastic handle and a fine, thin film strip over which an oocyte is vitrified (Kuwayama et al., 2005) .
More recently, a novel vitrification method (Vitri-ingá), was tested in a study with bovine oocytes, which presented a survival rate of 86% after vitrification/thawing of oocytes matured in vitro . Additionally in another study, this time using human oocytes, the Vitri-Ingá method again demonstrated good results with survival, fertilization and pregnancy rates of 80.5, 76.6 and 24.5%, respectively (Fachini et al., 2008) . Despite those promising results obtained with Vitri-ingá, no studies comparing the use of fresh and vitrified/ thawed oocytes have been performed. Therefore, the objective of this study was to compare the gestational results obtained with oocytes vitrified and thawed using the Vitri-Ingá method to that from fresh oocytes in a series of IVF-ET procedures carried out during 2008.
Materials and Methods

Patients
This study was approved by the Hospital Almodin Ethics Committee. Patients that were scheduled to undergo in vitro fertilization treatment during 2008 at a human reproduction centre (Materbaby, Reprodução Humana e Genética, Maringá, Brazil) were included in the study after routine assessment and a duly signed informed consent to disclose their data.
The patients' ages ranged from 30 to 40 years. A total of 125 procedures were carried out: 79 cycles for patients who underwent in vitro fertilization treatment using fresh oocytes (Group 1), while 46 procedures involved patients who received the same treatment using oocytes which had previously been vitrified and stored in an oocyte bank (Group 2). In Group 1, 68 patients were undergoing their first IVF treatment attempt. Among the 11 patients who had previously been through the treatment, seven patients did not get pregnant, two patients had had abortions and two patients returned for a possible second pregnancy. None of those 11 patients had excess oocytes after their first treatment and had to perform a new attempt using fresh oocytes. In Group 2, all the patients had failed to achieve an ongoing pregnancy in their previous treatments and returned for a new attempt using their own frozen oocytes. There were 33 patients who had just had one previous fresh cycle, 11 patients who had undergone two fresh cycles and two patients who had undergone three fresh cycles. Table I illustrates the reasons for the patients' infertility in both groups. All the procedures for both groups were strictly performed under the same laboratory conditions and using the same culture medium.
Oocyte recovery
Ovarian hyper-stimulation was performed using the long protocol. In the mid-luteal phase, the use of leuprolide acetate (Lupron Abbott, Brazil) was initiated with subcutaneous applications of 0.15 ml/day. On the second day of menstruation, the leuprolide acetate dose was reduced to 0.05 ml/day and stimulation with rFSH (Gonal, Serono, Brazil) was initiated. Follicular growth was monitored by endovaginal ultrasonography only, and human chorionic gonadotrophin (HCG 10.000 IU, Choriomom, Meiszer, Brazil) was administered when at least three follicles with 20 mm of diameter were observed.
Follicular puncture was performed 36 h after HCG administration using transvaginal ultrasonography. After recovery, oocytes were transferred to an incubator (Forma Los Angeles, CA, USA) with 5.5% CO 2 at 378C. One to two hours after follicular puncture, oocytes were placed in hyaluronidase (Irvine Scientific, Santa Ana, CA, USA) for removing the cumulus cells. Six fresh oocytes in MII were routinely separated to be submitted to ICSI, while the remaining oocytes in MII were vitrified.
Vitrification equipment and materials
All the equipment and materials used for the vitrification/thawing procedures were supplied by Ingámed Ltda. (Perobal, PR, Brazil); these included the Vitri-Equip, the vitrification solutions VI-1 and VI-2, the thawing solutions DV1, DV2 and DV3, and the vitrification strips Vitir-Ingá and their plastic sheaths.
Vitri-Equip consists of an expanded polystyrene box (44.0 Â 19.5 Â 15.0 cm) containing two stainless-steel containers of different sizes (18.5 Â 6.0 Â 8.8 and 5.3 Â 5.3 Â 10.0 cm) for liquid nitrogen. In the larger container there is a stainless-steel rack (Fig. 1) . Equilibrium solution VI-1 consists of 7.5% ethylene glycol and 7.5% dimethilsulfoxide (DMSO), although the vitrification solution VI-2 is composed by 15% ethylene glycol, 15% DMSO and sucrose 0.5 M. The thawing solution DV-1 contains 1M sucrose, DV-2 contains 0.5 M sucrose and DV-3 contains buffer solution. The Vitri-Ingá vitrification strip is an apparatus that consists of a fine, very thin polypropylene strip (0.7 mm thick) with a specially designed round tip, in which there is a minute hole to receive the oocyte; the strip is connected to a hard and thicker plastic handle (Fig. 2) . Vitri-Ingá plastic sheaths are 0.5 ml semen straws cut in the middle.
Vitrification
When the vitrification solutions reached room temperature (258C), oocytes were denuded, separated for vitrification and transferred to VI-1 solution, in which they were equilibrated for 5 -15 min. After this period, each oocyte was individually immersed into three consecutive 20 ml drops of VI-2 vitrification solution and placed into the hole in the tip of a Vitri-Ingá strip with a minimum amount of vitrification solution, and then immediately immersed into liquid nitrogen. Pregnancy rates after oocyte vitrification 0.1 ml of solution was placed with the oocyte on the strip, excess liquid was aspirated. The total time from when the oocyte was placed into the vitrification solution till its immersion into liquid nitrogen was between 50 and 60 s. The plastic sheaths, which had been previously cooled for at least 2 min in liquid nitrogen vapour on the metal rack inside in the Vitri-Equip, were vertically immersed into liquid nitrogen. The Vitri-Ingá strip with the vitrified oocyte was then inserted into the plastic sheaths for safe storage, and transferred to a liquid nitrogen tank.
Thawing
Immediately after removing the Vitri-Ingá strip from the protecting plastic sheath, the thin part of the strip was totally immersed into DV-1 thawing solution at 378C for 1 min. The oocyte was then transferred to DV-II diluting sucrose solution for 3 min at room temperature and rinsed in a buffer solution twice, for 5 min each.
After thawing, a survival assessment was carried out using morphological criterion. Oocyte survival was defined by its expansion, intact cellular membrane, normal ooplasma and zona pelucida and normal-sized perivitelline space. ICSI was performed on the surviving oocytes 2 -3 h after thawing.
Embryo culture and transfer
In oocyte warmed cycles, the obtained embryos were all transferred in the course of natural cycles. When the mean diameter of a leading follicle was 17 -18 mm and the endometrial thickness was .7 mm with a triple line pattern, ovulation was triggered by human chorionic gonadotrophin (HCG 10.000 IU, Choriomon, Meizler, Brazil). Then 36 -40 h later, the oocytes were warmed and submitted to ICSI. Fertilization of embryos from both fresh and vitrified/thawed oocytes was assessed 17 -19 h after ICSI. Pre-embryos were kept in culture in GV culture media (Ingamed-Perobal-Brazil) until Day-3 post-fertilization, when the quality of the embryos was assessed. Good quality embryos were defined as those with more than 6 cells, similarly-shaped blastomeres and no fragmentation (Grade I) or those with more than 6 cells and similarly-shaped blastomeres with less than 20% fragmentation (Grade II). Before transfer, an assessment of the total number of embryos was performed, and embryos that were not selected for transfer were vitrified and stored into a nitrogen tank. Then, guided embryo transfer was performed using ultrasonography.
The luteal phase was supplemented with 50 mg/day of injectable progesterone, initiated on the day of follicular puncture for Group 1, and on the thawing day for Group 2. Chorionic Gonadotrophin (b-hCG) was assessed on Day-14 after embryo transfer. Implantation and pregnancy was defined only after heart beating was present at Week-13 after transfer.
Statistical analysis
Statistical significance was estimated using x 2 test. It was adopted with a level of significance of 0.05% (a ¼ 5%). Descriptive levels (P) under this value were considered to be significant.
Results
The survival rate of vitrified/thawed oocytes, as well as the fertilization, pregnancy and implantation rates from fresh and vitrified/ thawed oocytes are shown on Table II . There were 79 patients who had fresh oocytes injected. From 413 oocytes injected, 336 (81.3%) developed into embryos. Between one and five embryos were transferred per patient, with the average number of embryos transferred being 3.57 + 1.03, which resulted in 41 (51.9%) pregnant patients. There were 61 sacs observed by ultrasound examination with an implantation rate of 21.3% (61/286) and an ongoing implantation rate of 19.2% (55/286). The rate of twin pregnancies was 20.25% (16/79) and triplets was 2.53% (2/79).
During the same period of study, 46 patients received embryos from vitrified oocytes. Out of 252 thawed oocytes, 214 (84.9%) presented morphological signs of survival with normal cytoplasm for ICSI. After fertilization, 173 (80.8%) of these oocytes developed into embryos. Again, between one to five embryos were transferred, with the average number of embryos transferred being 3.46 + 1.34, which resulted in 21 (45.6%) pregnant patients. There were 24 sacs observed by ultrasound examination with an implantation rate of 14.9% (24/161) and an ongoing implantation rate of 13.7% (22/161). The rate of twin pregnancies was 4.35% (2/46) and triplets was 2.17% (1/46).
In Group 1, 158 (47.0%) embryos were Grade I or II on Day-3, whereas in Group 2, 69 (39.9%) embryos were Grade I or II on Day-3. The average number of blastomeres in Group 1 was 6.86 + 2.07, and in Group 2 it was 6.35 + 2.26.
Discussion
The current study compares the gestational results obtained with vitrified/thawed oocytes to the results obtained from fresh oocytes in a series of 125 IVF-ET procedures carried out during 2008 in a Human Reproduction Centre in Brazil. Embryo development as well as the clinical results obtained in this study demonstrated the potential of Vitri-ingá method.
Cryopreservation of oocytes through vitrification may simplify the procedure, avoiding the need for the acquisition of freezing equipment, and reducing costs as well as embryologists' time. Furthermore, vitrification is a fast, simple method that provides high survival rates and high embryo quality.
Vitrification is a cryopreservation strategy in which cells are converted into an amorphous solid resembling crystal-free glass. This condition is achieved by a combination of high concentrations of cryoprotectants and ultrarapid cooling. However, the concentrations used to increase the solution's viscosity make protocols potentially hazardous and, therefore, the time that cells are exposed to cryoprotectants must be reduced as much as possible to increase cooling speed. Another important factor in obtaining good results with the vitrification methods is the use of a mixture of cryoprotectants in order to decrease toxicity levels during vitrification. Similarly, the use of ethylene glycol as one of the cryoprotectants is also important. Despite the low permeability of human oocytes in MII to ethylene glycol, when compared with propylene glycol and dimethyl sulphoxide, it prevents excessive osmotic stress and minimizes exposure to high concentrations of this substance, being less toxic (Mullen et al., 2008) .
Different devices have been employed in an attempt to decrease the volume of solution in which oocytes are vitrified and achieve the highest cooling speed possible. The first attempts in oocyte vitrification were performed with 0.25 ml straws, the same used for the slow freezing protocol, without success. The first studies that resulted in oocyte survival and pregnancy used open pulled straws (OPS) that were pulled until they became extremely thin, in a technique used by Vajta et al. (1998) for bovine embryos (Kuleshova et al., 1999) . Nowadays, there are several versions derived from the OPS used for vitrification, such as the super thin OPS (Isachenko et al., 2000) , glass micropipettes (Kong et al., 2000) , flexible denudation pipettes (Liebermann et al., 2002) and small diameter plastic micropipettes (Cremades et al., 2004; Hredzák et al., 2005) . However, one of the great difficulties with using the OPS method and its derivatives is their handling, especially during thawing. The apparatus may cause some difficulties as the procedure must be rapidly performed due to the toxicity of the cryoprotectants. Recent studies using Cryotop, a device that allows for a 10-fold reduction in the amount of vitrification solution in comparison to the OPS, demonstrated good results with survival of oocytes and pregnancy rates above 90 and 40%, respectively (Katayama et al., 2003; Kuwayama et al., 2005; Ruvalcaba et al., 2005; Antinori et al., 2007) . In a study comparing the efficiency of OPS and Cryotop, porcine oocytes were vitrified, and 2 h after thawing they were parthenogenetically activated and cultivated in vitro. It was observed that cleavage and blastocyst formation rates were higher when Cryotop was used in comparison to OPS (Liu et al., 2008) .
In the present study, the vitrification procedures were all carried out by a novel device (Vitri-ingá) similar to Cryotop. The main difference between the methods is the minute hole at the tip of Vitri-ingá's thin plastic film in which the oocyte is placed for vitrification. This method facilitates the removal of the excessive cryopreservation solution by aspiration, leaving just 0.1 ml around the oocyte. This permits cooling rates of 22 8008C/min, considerably greater those that obtained with OPS (16 3408C/min), which requires 1.0 ml of solution to fill the device (Kuwayama et al., 2005) . The clinical results obtained using Vitri-ingá method showed that, along with a high oocyte survival rate (84.9%), no significant differences were observed in fertilization, pregnancy and implantation rates between fresh and vitrified/ thawed oocytes.
A statistically significant difference between the groups was only observed in the number of blastomeres of Day-3 embryos (P ¼ 0.01), with Group 1 presenting a significantly greater number than Group 2. This difference, however, did not seem to have a negative effect on pregnancy or implantation rates, which presented no statistically significant differences between groups. Nevertheless, the difference in the number of cells observed on Day-3 requires careful consideration. In a previous study comparing fresh and cryopreserved donor oocytes, vitrified by the cryotop method, embryos that presented poorer quality were observed on Day-2 in the vitrified oocytes group, but the difference did not persist on Day-3 (Cobo et al., 2008) . Therefore, it is possible that in our study the number of cells might have become similar for both groups in the following days, rendering that initial difference clinically irrelevant. In addition to that, it has also been observed that fragmentation rates are related to implantation potential, but other parameters for embryo quality, such as the number of blastomeres on Day-3, do not seem to affect implantation (Della Ragione et al., 2007) .
Although these results seem encouraging, it is important to keep in mind that, although all care was taken to guarantee that laboratorial conditions were exactly the same in all procedures, due to the nature of this study, a number of differences inherent to each group of patients and difficult to avoid, were present. Besides the number of patients in each group being different (Group 1 ¼ 79, Group 2 ¼ 46), most of the patients in Group 1 were in their first IVF attempt whereas all the patients in Group 2 had previously failed to become pregnant in one or more previous cycles, which could favour patients in Group 1, who had not experienced previous pregnancies. In contrast, the fact that the patients in Group 1 received ovarian stimulation during the cycle, while the patients in Group 2 were in the course of natural cycles, may have favoured patients in Group 2, as the ovarian stimulation may have compromised the implantation potential (Reyftmann et al., 2007) . Although these differences make comparison between the groups less than ideal, the results obtained are of significance as they reflect the actual clinical conditions.
Although not being the focus of this work, another interesting aspect observed in this study concerns the difference in the multiple pregnancy rates between groups. Despite the number of embryos transferred being the same for both groups, Group 1 presented a higher multiple pregnancy rate than Group 2. This difference seems to be directly related to the use of fresh or vitrified oocytes and deserves further investigation.
One of the possible criticisms of the vitrification technique using Vitri-Ingá is the fact that it is an open system, i.e. the oocyte is placed into direct contact with liquid nitrogen during vitrification. This raises the issue concerning the theoretical possibility of contamination by liquid nitrogen. Although the risk of contamination by liquid nitrogen contact must be taken into consideration, no documented cases of diseases transmitted due to the transference of vitrified embryos have been reported. The only few cases known in the literature of liquid nitrogen contamination took place with frozen blood samples, which had volumes 103 to 104 times greater than the largest frozen samples used in embryology (Vajta and Nagy, 2006) . In order to minimize the risk of contamination, it has been suggested that liquid nitrogen should be filtered in 0.22 filters, or even sterilized by ultra-violet radiation (Parmegiani et al., 2009) . The development of a technique using a hermetically sealed vitrification device could eliminate the potential risks of contamination.
In conclusion, this study demonstrated that Vitri-ingá is an effective vitrification method for the cryopreservation of human oocytes. The developmental capacity of embryos obtained from vitrified oocytes using the Vitri-ingá method did seem not to be greatly affected by the vitrification procedure, as fertilization, embryo quality and clinical results were similar to those achieved with fresh oocytes, although the differences between the patient groups may have affected the results either way. Nevertheless, we are still in the early days of vitrification with different protocols and apparatuses being used. More studies are necessary for the eventual establishment of a universal protocol that can take on board all the knowledge accumulated so far and deal with the present limitations, similarly to what has happened in the last few years to the slow freeze technique for the cryopreservation of embryos.
